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Scab of Wheat:

Prospects for Control

Scab of wheat, also called Fusarium
head blight, is a destructive disease in
the humid and semihumid wheat-
growing areas of the world (40). J. C.
Arthur documented an outbreak of
wheat scab in Indiana that occurred in
1890 and observed that one field that had
a reasonable expectation of a yield in
the range of 2,350-2,690 kg/ha (35-40
bu/ac) in fact yielded only 538 kg/ha
(8 bu/ac) because of the disease (3). Scab
incidence in that epidemic ranged from
25to 75%. There have been several recent
outbreaks of scab in the eastern soft red
winter wheat region of the United States
(53). Moderately widespread scab epi-
demics were reported about once every
9 years in southwestern Ontario, Canada,
from 1927 to 1980 (49). In the People’s
Republic of China, wheat scab can be
found in two-thirds of the provinces,
where it afflicts more than 7 million
hectares of wheat (56). Epidemics are
most severe in the middle and lower
reaches of the Yangtze Valley, coastal
areas of southern China, and the eastern
part of Heilongjiang province (70). Scab
is one of the most important wheat
diseases in those areas. Wheat scab is
also becoming a greater threat to wheat
production in many other countries
(29,39,44,46,49). In 1993, scab was severe
in the spring wheat areas of the northern
United States and in the province of
Manitoba, Canada.

Wheat scab can greatly reduce grain
yield and quality, and may indirectly
affect animal production. Direct yield
reduction results from shriveled grains,
which may be light enough to be expelled
from the combine with the chaff. Dis-
eased kernels that are not eliminated with
the chaff reduce test weight because they
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are light and shriveled. Scab causes
indirect loss by reducing seed germina-
tion and causing seedling blight and poor
stand (53). Scab is often epidemic over
large areas but will show local variation
in severity because of crop rotation, date
of anthesis, and microclimatic influences.
In a severely affected field, virtually every
head of wheat can show symptoms (40).
In China, the incidence of scabbed heads
may range from 50 to 100%, with yield
loss as high as 20-40% in years of severe
epidemics. It was estimated that over 7
million hectares of wheat had scab and
more than 1 million tons of wheat were
lost in a severe epidemic year (56). In
an epidemic in 1986, grain samples from
43 of 44 counties in Indiana had scab,
and scabbed kernels represented an aver-
age of 2.9% by weight of each combine-
harvested grain sample. Kernel infection
averaged 23% (53). In the Atlantic prov-
inces of Canada, scab was particularly
important in 1980, causing 30-709% yield
loss in spring wheat (27).

Scab can cause additional loss for agri-
culture because of the potent mycotoxins
produced by the fungus. The two most
important mycotoxins produced by
Fusarium graminearum Schwabe (teleo-
morph = Gibberella zeae (Schwein.)
Petch or G. saubinetii) are the estrogenic
toxin zearalenone and the trichothecene
deoxynivalenol (DON), a vomitoxin (46,
49,53). In 1986, Clear and Abramson (15)
reported that in Manitoba, 12.6 and 9.6
ppm of DON were detected in the grain
samples of hard red spring wheat and
amber durum, respectively. A survey of
wheat grain in Indiana in 1986 revealed
DON in 88% of samples, with a mean
concentration of 0.6 ppm. Nine percent
of the samples had more than 2 ppm
DON (53). Other investigations showed
that DON was found at high levels in
scabbed wheat seeds (18,46). These
mycotoxins have been tentatively linked
with livestock toxicoses or feed refusal.
Grain with one or both toxins may be
graded down or rejected entirely in com-
merce (53).

Pathogens

Many species of Fusarium can cause
wheat scab, and the symptoms caused
by different species are almost the same.
F. graminearum is the principal patho-
gen responsible for head blight in many
countries (15,40,49,56,59). Other related
species such as F. culmorum, F. aven-
aceum, Microdochium nivale, F. monili-

forme, F. oxysporum, and F. poae may

also contribute to the head blight
complex but are generally less important
than F. graminearum (12,46,49,56,58,59).

F. graminearum can survive as mycel-
ium, ascospores, macroconidia, and
chlamydospores (34,39,49,59). Micro-
conidia are not produced. Macroconidia,
mycelia, and chlamydospores are formed
by the F. graminearum stage; ascospores
are the propagules of the sexual stage.
In soil, macroconidia or mycelium may
be transformed into chlamydospores
(34,49).

Cultural variation is a common phe-
nomenon for Fusarium species. Oswald
(35) classified isolates into two major
types, I and 11, based on sporulation and
growth form. Type I, usually found in
nature, has abundant aerial mycelium,
and the conidia are in sporodochia. Type
I1 usually occurs as variants in culture
and has appressed and slimy growth due
to the production of numerous conidia
in pionnotes. Single-spore isolation after
subculturing for several generations can
produce many variants, some apparently
not even of the same species as their
parents (35).

Purss (37) observed that isolates of F.
graminearum from corn or crowns of
wheat could produce severe head blight
but that crown rot was produced only
by isolates from infected crowns. He con-
sidered this phenomenon to be patho-
genic specialization in F. graminearum
and pointed out that the severe crown
rot syndrome in Queensland was caused
by a distinct pathogenic race. The two
natural populations of F. graminearum
were further distinguished as group | and
group 2 by their life cycles and ecological



requirements (16). Group 1 isolates were
normally associated with crown rot, did
not form perithecia in culture, rarely
produced the Gibberella stage in nature,
and could cause scab during abnormally
wet weather in the semiarid regions.
Group 2 isolates were associated with
head scab in cereals and stalk rot and
ear rot of corn in humid climates, and
could produce the Gibberella stage in
nature (16,37).

Isolates of F. graminearum differ in
pathogenicity, but probably not in a race-
specific manner (5,52,54). Although a
significant interaction between cultivars
and isolates has been shown (52,54),
there is no evidence for stable pathogen
races (5,28,29,54). Based on the test of
cultivar resistance to different species of
Fusarium, Mesterhazy (29) concluded
that cultivar resistance to certain strains
of F. graminearum, as well as to other
species of Fusarium, was not strain or
species specific. A mixture of highly
pathogenic isolates was recommended as
inoculum for evaluation of resistance

(56).

Sources of Inoculum

F. graminearum survives between
wheat crops in living or dead host tissues.
Ascospores, macroconidia, chlamydo-
spores, and hyphal fragments all can serve
as inoculum (34,39,69). Ascospores and
macroconidia may be the principal inoc-
ulum that initiates an epidemic of scab,
because aerial dispersal is necessary for
the fungus to reach the infection site (49).

The source of primary inoculum for
scab varies with cropping systems in dif-
ferent parts of the world, but in all cases
crop residues on the soil surface are the
most important source of inoculum.
Debris of wheat, corn, or rice can be the
principal reservoir of the fungus (1,4,
49,58,69). In southern China, where
wheat is planted after rice, rice stubble
is a major source of inoculum for wheat
scab (69). Perithecia may occur on 99%
of rice stubble in late December. In
Pennsylvania, abundant mature peri-
thecia of G. zeae were found on corn
and wheat debris from April to Decem-
ber (4). Wheat planted after corn often
has significantly more scab than wheat
planted after other crops (50,51). Reduced
tillage for soil conservation increases the
amount of inoculum that can infect
wheat (50,51).

Scab Development

Airborne ascospores are deposited on
or inside wheat spikelets, where they
germinate and initiate infection. The
fungus first infects the extruded anthers
and then ramifies throughout the devel-
oping caryopsis, floral bracts, and rachis.
The severity of infection is correlated
with the percentage of retained anthers
(36). The fungus may also infect by direct
penetration of the glume, palea, or

rachilla (12). Soon after infection, dark
brown, water-soaked spots appear on the
glumes of infected spikelets. Later, entire
spikelets become blighted (Fig. 1). Under
favorable conditions, the fungus extends
through the rachis, externally or
internally, and infects other spikelets
(12). If the weather is warm and humid,
conspicuous aerial mycelium spreads
externally from the spikelets originally
infected to adjacent spikelets. If the
fungus spreads internally, brownish
chlorotic symptoms extend down into
the culm and up to the top of spike, and
as a result the entire spike may die and
turn the color of straw (Fig. 2). Visible
pink mold appears on the spike when
itis humid. Later in the season, perithecia
of G. zeae may appear as raised purplish
black spots (59). Infected florets often
fail to produce grain, or the grain they
produce is poorly filled (Fig. 3).

Wheat is generally most susceptible to
infection at the flowering stage (2,3,36),
and susceptibility declines at later stages
of caryopsis development. Some culti-
vars, however, may be most susceptible
at the milk or soft dough stages (1,40).
Head infection in nature can occur
anytime after the beginning of flowering,
when temperature and moisture are
favorable. Anthesis may be the period
of greatest susceptibility, because the
high levels of choline and betaine
produced in the extruded anthers stim-
ulate the growth of F. graminearum and
promote the infection of wheat spikes by
the pathogen (47,48). Because the main
period of vulnerability of wheat to
infection is during anthesis, the fungus
is generally limited to one infection cycle
per season. The abundance of primary
inoculum and weather conditions during
anthesis determine the severity of
Fusarium head blight. Nutrient stress
may increase the plant’s susceptibility to
infection. Weeds in a field could affect
disease by increasing water or nutrient
stress on the wheat, by modifying the
crop moisture environment, or by serving
as a host of F. graminearum during the
off season (51).

The incubation period is as short as
2-3 days in the greenhouse or laboratory
(5,8,56), and 4-5 days in the field (61).
Primary infection may occur on several
florets in the field. The dark brown symp-
tom usually extends into the rachis, even
down into the stem tissue. The pathogen
can be found in the plant tissues with
the dark brown symptom. Mycelium
invades parenchymatous tissue as well as
vascular tissue (40). The clogging of vas-
cular tissue in the rachis can cause the
head to ripen prematurely, so that even
grains not directly infected will be
shriveled because of a shortage of water
and nutrients (40). If heads are exten-
sively invaded at a very early stage,
kernels may fail to develop entirely.

Andersen (2) found that the optimum
temperature for infection and head blight

development was 25 C. Little or no infec-
tion occurred at 15 C. Incidence increases
as temperature increases from 20 to 30
C. The moist period required for infec-
tion ranges from 36 to 72 hours, depend-
ing on temperature and plant growth
stage (2). Wet periods during the flower-
ing stage are important to infection. The
duration of the wet period required for
heavy infection depends on temperature;
it is shortest at 25 C(2,36). One overnight
(16 hours) moist period may be enough
for infection on some cultivars in the
greenhouse (5).

Control Measures

Because of the ubiquitous nature and
wide host range of F. graminearum and
other Fusarium spp. capable of causing
scab, adequate control by crop rotation
alone is not possible (27,39). However,
crop rotation, coupled with plowing to
bury infested crop residues and weed
hosts, can be effective. Appropriate
methods of land preparation, rotation
with appropriate noncereal crops, good
crop husbandry, timely harvest, and
proper storage all help reduce disease by
reducing primary inoculum and the
likelihood of extensive infection (27,
41,51). Of these various cultural control
practices, elimination of sources of
primary inoculum has been very impor-
tant. The adoption of minimum tillage
for soil conservation greatly reduces
options for this disease management
technique.

Seed-treatment fungicides reduce the
spread of seed-borne inoculum and
increase seedling vigor (27,50) but have
little effect on head blight because of the
large amount of inoculum that can infect
the wheat head directly later in the
growing season. Although a foliar appli-
cation of fungicide at anthesis might
provide some protection, there are few
fungicides available for application this
late in the season (11,42). Cost of treat-
ment and the difficulty of determining
the optimum time of application also
make this means of control less attractive
to farmers. Even if a fungicide reduces
direct yield loss, it may not reduce
mycotoxin contamination to a tolerable
level (27).

Cultivar Resistance

Arthur (3) was the first to note differ-
ences in susceptibility to scab among
wheat cultivars. Considerable effort since
then has been devoted to finding sources
of resistance that can be used in breeding
programs (8,17,23,24,57). Christensen et
al (14) tested 350 accessions of Triticum
spp. and found marked differences in
their susceptibility. Hanson et al (17)
summarized the results of evaluations for
resistance on hundreds of cultivars and
thousands of hybrids and selections of
Triticum spp. from 1935 to 1950. Most
were susceptible, but a few were relatively
resistant. Cultivars Progress and Haynes
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Fig. 3. Wheat grain scabbed as a result of infection by Fusarium graminearum (left)
and healthy grain (right). The scabbed grain was extracted from a sample that had
been harvested with a combine.

Bluestem were most resistant, but their
low level of resistance discouraged breeders
from working with them further.
Considerable progress in the search for
resistance has been made in China in
recent years (56,57,60,63,67,70). More
than 17,000 common wheat cultivars or
advanced lines were tested in the field
and laboratory at many institutes in the
southern winter wheat region from 1977
to 1983 (57). Only 32 of these showed
a high degree of resistance; most cultivars
were very susceptible. Resistant cultivars
were found mainly among those grown
in the Yangtze Valley, where scab epi-
demics occur frequently. Most of the 32
resistant cultivars were tall land races
that had small heads, matured late, and
had other undesirable agronomic traits.
Because of their low yield potential, these
cultivars could not be used directly in
commercial production. Some of them
were used as parents in breeding
programs, but the resistance was difficult
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to incorporate into elite lines (25,57).
Sumai 3 was reported to have high
combining ability for both scab resis-
tance and yield traits, and has been
widely used in wheat breeding programs
with some success (10,25,57,70).

In the Jiangsu Academy of Agricul-
tural Sciences of China, 389 new lines
from Jiangsu and 414 from other areas
were tested for scab resistance in 1987
and 1988 (8). Only 3% of the lines tested
were rated resistant, 9% were moderately
resistant, and 229% were moderately
susceptible. Most of the resistant lines
(about 759%) were derived from Sumai
3. Some of these lines had relatively
stable resistance, similar to Sumai 3, and
improved agronomic traits compared to
their resistant parent. The moderate
yielding and highly disease resistant
wheat cultivars Ning 7840 and Ning 8026,
which are derived from Sumai 3, have
excellent resistance to scab (Fig. 2), as
well as some resistance to leaf rust, stem

Fig. 2. Scab-resistant wheat cultivar Ning
7840 (left) and scab-susceptible wheat
cultivar Clark (right). The spikes were in-
oculated in the greenhouse 3 weeks
before the photograph was taken by in-
jecting 1,000 conidia of Fusarium grami-
nearum into a central spikelet. On Ning
7840, only the inoculated spikelet devel-
oped symptoms, while on Clark the entire
spike became scabbed.

rust, and powdery mildew (56,67). Ning
8623, 8633, 8675, 8641, and some other
lines possess moderate resistance to scab
and have higher yield potential (4,850
6,100 kg/ha), shorter stature, higher test
weight, and better processing quality
than Sumai 3 (8). Some moderately sus-
ceptible cultivars, such as Yangmai 3,
Yangmai 4, and Yangmai 5, have high
yield potential and have been widely
adopted for commercial production.
Although these cultivars had a high inci-
dence of scab in an epidemic year, the
loss of yield was far less than in sus-
ceptible cultivars.

Evaluation of Resistance

Resistance in wheat to scab is of at
least two types: resistance to primary
infection and resistance to spread of
hyphae within a wheat spike (40). To
distinguish these types of resistance,
different inoculation techniques were
developed. Scattering scabby wheat
kernels in the field to increase primary
(ascospore) inoculum concentration was
adopted by wheat breeders because of
its low cost and convenience (56,67).
Infection occurs naturally. The technique
can be used to identify both types of
resistance and to screen segregating
populations on a large scale. However,
many variables not directly related to
host resistance affect primary infection.
Plant height, moisture conditions, and
the degree to which florets open may
influence the amount of infection in any
given test, and many susceptible plants
may escape infection. For this reason,
scattering infested seeds in field plots
may not be suitable for an accurate test
of resistance to scab spread within a
spike. To ensure that each plant receives
a similar amount of inoculum and to
reduce the chance that a plant escapes
infection, the method of placing spores



into a central spikelet was developed to
detect cultivar differences in susceptibil-
ity to the spread of fungus within a spike
(55). Because resistance to the spread of
fungus is a more stable character than
is resistance to primary infection (5,9,56),
the technique is useful for studying the
inheritance of scab resistance and for
screening germ plasm and advanced
breeding lines for scab resistance.
Classification of the scab reaction
phenotype is complicated by the exis-
tence of the two types of resistance and
their quantitative nature. The percentage
of infected spikes (incidence) is used to
measure resistance to primary infection,
but it does not provide information on
resistance to spread of the pathogen
within a spike. To evaluate resistance of
this latter type, two major rating systems
are commonly used. Wang et al (56) pro-
posed a four-grade rating method based
on whether or not the fungus spread in
the rachis from the site of initial infec-
tion. Grade 1 indicates symptoms only
in the inoculated spikelet, grade 2 indi-
cates fungal spread to the rachis but not
to noninoculated spikelets, grade 3
indicates fungal spread to one noninocu-
lated spikelet via the rachis, and grade
4 indicates spread of infection to two or
more noninoculated spikelets. On this
scale, grade means of 1-1.9 represent
resistance, 2-2.9 moderate resistance,
and 3-4 susceptibility. Xu and Fan (62)
modified this scale by defining the spread
of infection from one noninoculated
spikelet to half the spike as grade 4 and
spread to more than half of the spike
as grade 5. Another rating system is
based on the percentage of scabbed
spikelets. In this system, resistance is
evaluated by comparing test lines with
control cultivars which have different
levels of known resistance. It can distin-
guish susceptible genotypes from moder-
ately susceptible genotypes (7,10). When
the data are collected several times
during the development of scab from an
initial inoculation of a single floret, area
under the disease progress curve can be
calculated based on the proportion of
scabbed spikelets (5). This summary
statistic reflects the overall performance
of a cultivar during the disease cycle. It
allows relatively precise characterization
of a cultivar’s resistance, and it has been
used in genetic studies (6). Under condi-
tions of natural infection, both disease
incidence and severity data are needed
to measure the two types of resistance.
Since the 1980s, resistance to the
formation of mycotoxins has received
increased attention. Acetylated second-
ary metabolites of F. graminearum are
deacetylated by plant enzymes. For
instance, deoxynivalenol can be formed
by wheat and corn cells from 3- or 15-
acetyldeoxynivalenol produced by the
fungus (31,32). The resistant cultivar
Frontana may be a less suitable medium
for accumulation of deoxynivalenol than

other cultivars because of the presence
of enzymes that degrade deoxynivalenol
(30). This characteristic of some wheat
cultivars is regarded as a third type of
resistance (31). The etiolated coleoptile
bioassay was designed to determine the
biological activity of metabolites of F.
graminearum and the response of wheat
cultivars to such compounds (56). How-
ever, lack of correlation between scab
severity and the concentration of DON
suggests that resistance to scab and resis-
tance to mycotoxin accumulation may
not be controlled by the same genes (27).
Our results also indicated a poor cor-
relation between coleoptile elongation
and head scab resistance (G. Bai and G.
Shaner, unpublished).

Inheritance of Resistance

Christensen et al (14) first showed that
resistance to scab was an inherited char-
acteristic and observed transgressive
resistance among progenies from the
cross of Marquis by Preston. Since the
1970s, scab epidemics have been more
frequent throughout the world, and there
has been correspondingly greater interest
in the inheritance of scab resistance.
Many investigators consider scab resis-
tance to be quantitatively inherited and
controlled by many minor genes (13,22,
44,60,64,65), but others provide evidence
of oligogenic control (7,10,21,33).

Use of generation mean analysis to
study scab resistance in crosses between
resistant and susceptible cultivars indi-
cates that resistance in some cultivars is
mainly controlled by additive genetic
effects, but nonadditive effects might also
be significant (6,9,13,45). Within the
nonadditive components, dominance
appears to be the most important (10,13,
44). Epistatic effects were considered sig-
nificant in some studies (6,45) but not
in another (70). Heritabilities are usually
high (9,13,22), but there are exceptions
(66).

Monosomic analysis showed that many
resistant cultivars possess genes for both
resistance and susceptibility (65). Resis-
tance genes were assigned to several
chromosomes. Sumai 3 has scab resis-
tance genes on chromosomes 1B, 2A, 5A,
6D, and 7D (64). Wangshuibai has resis-
tance genes on chromosomes 4A, 5A, 7A,
7B, and 4D (22). The genes for resistance
to scab in cultivar PHJZM are located
on chromosomes 6D, 7A, 3B, 5B, and
6B (65). The moderately susceptible culti-
var HHDTB has genes for resistance on
chromosomes 5D, 1B, 7B, and 4D. In
cultivar YGFZ, resistance genes are
located on chromosomes 3A and 4D (65).
Because the genes for resistance in differ-
ent cultivars appear to be on different
chromosomes, crosses between these
cultivars may yield transgressive proge-
nies with greater resistance than any of
the parents.

Li and Yu (21) suggested that disease
resistance could be measured in five

ways, namely: incubation period, time
required for disease to spread from the
infection site to the rachis, daily rate of
scab progress before and after symptoms
reach the rachis, and severity. They con-
cluded that the spread of the fungus to
the rachis was an important criterion in
disease rating. The daily rates of scab
progress before and after it reached the
rachis were independent of each other.
Resistance at different stages of scab
development might be controlled by dif-
ferent genes. In cultivar WZHHS, genes
on chromosomes 1B, 2A, 3D, 4B, 6A,
6D, 6B, 7B, and 7D affected the incu-
bation period; genes on 3D, 6A, and 7D
were responsible for spread of the fungus
from the inoculated spikelet to the rachis;
and genes on 2A, 3D, 4D, 5B, 6B, and
7D were responsible for spread of fungus
to the entire spike. Genes on chromo-
somes 3D and 7D might control the rate
of spread throughout three stages of
disease development. The accumulation
of resistance genes that operate at differ-
ent stages of disease development may
enhance the overall resistance of a
cultivar.

Although resistance to scab is a com-
plicated quantitative trait, resistance to
spread within a spike is the main
component of resistance and may be
controlled by a few major genes (7,10,
25,33). Nakagawa (33) reported in 1955
that three pairs of epistatic factors might
condition scab resistance in some wheat
cultivars. Bai and Xiao (7) tested six
cultivars and their F1, F2, F3, and
backcross progenies in the field by spray-
ing conidia on spikes during anthesis.
Segregation of the F2 showed a contin-
uous distribution, but two peaks coin-
cided with both the resistant and the
susceptible parents. The ratios of resis-
tant to susceptible plants suggested
segregation of two or three genes.
Various resistant parents appeared to
contain from one to three genes. It was
hypothesized that the cultivars with one
gene would be moderately resistant or
moderately susceptible, cultivars with
two genes would be either resistant or
highly resistant, and cultivars with three
genes would be highly resistant. The
degree of resistance conferred by one or
two genes would be more influenced by
environment and genetic background
than would the resistance conferred by
three genes. Major genes at different loci
may differ in their effects and may show
complementation. Minor genes may also
function as modifiers of the major genes,
as reported in resistance to stripe rust
(7,20). Similar results were obtained for
resistance to the spread of scab in the
spike following injection of spores into
a central spikelet (10).

Breeding Strategies

The most resistant cultivars currently
available were selected from the progeny
of crosses between moderately suscepti-
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ble parents or from crosses between a
resistant cultivar and a susceptible but
agronomically superior cultivar. Sumai
3 was selected from a cross of two moder-
ately susceptible cultivars, Taiwanmai
and Funo. Because of its high general
combining ability for scab resistance and
some other traits, Sumai 3 was used as
a resistant parent with some success in
China (8,9). Ning 7840 and several other
resistant cultivars are derivatives of
Sumai 3. Another indigenous cultivar
from China, Wanshuibai, which is more
resistant than Sumai 3, was also used
as a resistant parent; but no resistant
cultivars were selected from its progenies
because of low combining ability for
agronomic traits (9). Because highly
resistant cultivars usually have unde-
sirable agronomic traits that cannot be
entirely eliminated (8,9,24), we may
achieve more success by selecting trans-
gressive segregants from crosses of mod-
erately resistant cultivars with better
agronomic characters (24,57).

To distinguish between genetic and
environmental variance, an adequate en-
vironment for disease development is
required. In China, some successful
breeding programs are equipped to pro-
vide light overhead irrigation in breeding
nurseries to simulate rainfall after
anthesis. To select for resistance in early
segregating generations, large test popu-
lations are inoculated by scattering
scabbed wheat kernels in the field before
plants reach the booting stage, then
spraying plants with water during and
after anthesis. To screen more advanced
generations of near-homozygous proge-
nies, spores are injected into a central
spikelet under more controlled condi-
tions. Lines that pass this selection test
are sent to different scab epidemic areas
for evaluation of resistance and yield
potential.

To select for quantitative resistance
and other characters, Wu (60) proposed
a modified recurrent selection method.
With the aid of a dominant male-sterile
gene, Tal, gene pools were developed by
crossing several parents followed by
recurrent selection (phenotypic mass
selection and progeny selection). A long-
term gene pool was created to maintain
and accumulate genetic diversity for scab
resistance, as well as to provide new germ
plasm from which high-yielding cultivars
resistant to scab under lower selection
pressure could be selected. In the short-
term gene pool, high selection pressure
was applied to each cycle of recurrent
selection to develop resistant cultivars as
quickly as possible. To enhance the resis-
tance gene pool, susceptible plants are
regularly discarded, and new resistant
germ plasm is added to accumulate
diverse resistant genes.

When adequate resistance to a disease
cannot be found within Triticum
aestivum, breeders often turn to wild
relatives as a source of resistance genes.
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In an early search for resistance, only
a few lines appeared to have resistance
to scab (14). In China, 5,831 accessions
of alien species were tested for scab
resistance in several research institutes
from 1977 to 1983, and no highly resis-
tant materials were found (57). Liu et
al (23) reported that Roegneria ciliaris,
R. kamoji, and Elymus giganteus had
resistance to scab; and some resistant
plants were obtained from the segre-
gating progenies of the crosses of those
species with wheat cultivars. Recently,
Agropyron ciliare and A. repens have
also been reported to be resistant to
infection (70). However, the resistance
found in alien species may not surpass
the resistance available in wheat cultivars
(24).

Scab is a head disease, and direct
phenotypic assessment of resistance must
be delayed until the main culm of a plant
reaches the anthesis stage. This precludes
use of the tested spike as a parent in the
same generation in which the resistance
phenotype is assessed. If the tested plant
produces tillers, these may be used for
making crosses; but in the greenhouse,
fertile tillers may not always form.
Moreover, even in cases in which scab
resistance appears to be controlled by
major genes, there is a nongenetic com-
ponent of phenotype that can make
classification of individual plants in
segregating generations uncertain. For
these reasons, scab resistance breeding
would be greatly facilitated by marker-
assisted selection.

Morphological characteristics such as
plant height, spikelet density, spike
morphology, and awnedness have re-
ceived attention as possible markers
(13,22,43,45). However, the association
between these traits and resistance is not
consistent (26,65,68). DNA-based
markers may provide a powerful tool for
improved selection in plant breeding
programs (38). The problems in pheno-
typic estimation of scab resistance asso-
ciated with environmental effects or
quantitative inheritance can be elimi-
nated by the use of such markers. These
approaches are expected to have four
advantages in selection for wheat scab
resistance over conventional methods.
First, as DNA is evaluated directly for
sequence polymorphism, environmental
influences upon the expression of the
polymorphism are removed as a source
of confusion in the selection process.
Second, since genomic DNA should
remain constant at all stages of growth
and under different environments, assays
conducted at the seedling stage may
permit the breeder to make selections
well before crosses must be made. Third,
selection intensity can be increased
greatly, and selections can be made with
confidence in early generations. Finally,
a small amount of tissue can be assayed
rapidly without destroying the original
plant, which allows selection of specific

genotypes from among a complex group
of individuals (19). This method should
make it possible to combine resistance
genes from different sources to improve
scab resistance and other traits.

Although progress has been made in
finding and analyzing scab resistance in
wheat, most cultivars in current produc-
tion are susceptible. Combining desired
agronomic characters with a high degree
of resistance is still difficult. Most resis-
tant cultivars in China were derived from
Sumai 3, and this same source of resis-
tance is now being used in breeding
programs in other parts of the world.
This could create genetic homogeneity
for scab resistance, with consequent
genetic vulnerability if the fungus is able
to adapt to this single source of resis-
tance. Finding new resistant germ plasm
and developing techniques for combining
resistance genes are important tasks for
wheat breeders. A rapid, efficient, and
accurate technique for identifying resis-
tance in segregating material needs to be
developed so that large populations can
be screened. The development of select-
able markers, especially RAPD markers,
may provide this technique; but first,
considerable work is needed to find and
characterize sources of resistance and to
understand the basic biology and epi-
demiology of this disease.
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